The use of nutritional requirements as markers in the surveillance of gonococcal infections has been proposed (4, 5, 8, 13, 15, 16) . Knapp et al. (13) and Morello et al. (16) have demonstrated that medically important differences exist among isolates of Neisseria gonorrhoeae. For instance, Morello et al. (16) and Short et al. (17) have reported that certain patients carry multiple auxotypes of N. gonorrhoeae. In addition, it has been demonstrated that gonococcal isolates having a multiple requirement for arginine, hypoxanthine, and uracil are more often isolated from patients with disseminated gonococcal infections (4, 5, 6, 12, 13, 16) .
In 1973, Catlin (2) and Carifo and Catlin (1) developed a complex defined medium for growth of N. gonorrhoeae. Other investigators (8, 14, 18) have modified Catlin medium by eliminating components such as hemin, choline chloride, nicotinic acid, and some amino acids. The problems that have been associated with these media are failure of growth of some gonococcal isolates and difficulties in the preparation of the media. In this communication, we Strains were stored at -79°C in tryptic soy broth (BBL Microbiology Systems) and 25% (vol/vol) glycerol.
Medium. The composition of the chemically defined medium, Wong-Shockley-Johnston medium (WSJM), is shown in Table 1 . Cysteine, isoleucine, valine, uracil, and tryptophan were dissolved in 0.5 N NaOH; aspartic acid and tyrosine were dissolved in 1.25 N NaOH; cystine, glutamine, leucine, phenylalanine, and hypoxanthine were dissolved in 0.3 N HCI.
Biotin was dissolved in 50% (vol/vol) ethanol. All other ingredients were soluble in water. Solution 1, 8.8 mM MgCl2, and 50% glucose (wt/vol) were autoclaved separately at 15 lb/in2 at 121°C for 15 min, whereas all other components were sterilized by filtration through filters (0.45 ,im, Millipore Corp.) as separate concentrated stock solutions. Solution 2 was prepared daily, and all other solutions were stored at 4°C. To make 1 liter of complete medium, 439 ml of solution 1, 1 ml of solution 2, 5 ml of solution 3, 15 ml of 50% glucose (wt/vol), 500 ml of 8.8 alleled the increases in the optical density at 600 nm, increasing from 2 x 106 CFU ml-' at inoculation to greater than 1010 ml-' after 10 h. in an attempt to reduce cell lysis in liquid cultures. Sucrose and NaCl are commonly used in preventing lysis of spheroplasts and to provide a suitable osmolarity for bacterial growth, respectively. The effect of sucrose, at concentrations of 0, 5, 7.5, and 10%, on the growth of a disseminated strain and a non-disseminated gonococcal strain was determined. The results are shown in Fig. 3 and 4 . The growth of a proline auxotroph, F-62 T-4, was inhibited by an increase in the concentration of sucrose from 0 to 10%. In contrast, growth of 6555 (Arg-, Hyx-, Ura-)T-4, a disseminated isolate, was enhanced in the presence of sucrose at concentrations of 5, 7.5, and 10%. Growth appeared to be enhanced most in the presence of 7.5% sucrose. Doubling the NaCl concentration with an additional 85 mM NaCl lengthened the lag period and generation time (Fig. 5) .
Effect of NaHCO3 on growth in WSJM.
Addition of 6 mM NaHCO3 to liquid WSJM shortened the lag period of N164. However, the final yield at stationary phase in the presence or absence of NaHCO3 was essentially the same (Fig. 5 ). The differences in wet-weight yield of 10 (2) and Carifo and Catlin (1) developed a complex defined medium. This medium supported the growth of a large number of gonococcal isolates but appeared to contain components not necessary for the growth and maintenance of a majority of gonococcal isolates. Wood and Brownell (18) and La Scolea and Young (14) reported simplifications of the defined medium of Carifo and Catlin (1). However, a 2-to 3-h lag period, agar toxicity, and cell clumping were encountered. In this communi- cation, we report a solid and a liquid defined medium which supported the growth of clinical and laboratory isolates of N. gonorrhoeae in the presence and absence of CO2. One hundred and forty-one isolates were examined in our defined medium. The nutritional profiles of these isolates were found to be similar to those reported by other investigators (1, 2, 3, 12, 16). However, the present study revealed that variations in the nutritional profiles do exist among gonococcal isolates from different areas of the world. In our study, strains isolated from the Philippines and the Netherlands were predominantly proline auxotrophs, whereas isolates from the United States were primarily prototrophic. Moberg (15) reported that strains with requirements for arginine, hypoxanthine, and uracil were predominant among the 166 isolates tested from Stockholm. These data indicated that there are epidemiological differences within different parts of the world.
Atypical gonococcal strains have been isolated from patients with disseminated gonococcal infections (4, 5, 6, 12, 13, 16) . These strains required arginine and uracil or arginine, hypoxanthine, and uracil (4, 5, 6, 12, 13, 16 Liquid WSJM supported growth of clinical and laboratory-adapted strains. Generation times ranged from 58 to 150 min when an initial inoculum of 2 x 106 CFU ml-' was used. The longer generation times were observed with some disseminated gonococcal infection strains. Yields of 3 x 109 CFU ml-' were obtained within 7 h, and lag periods, if they existed, were 1 h or less. Catlin (2) reported yields of 5 x 108 CFU ml-' within 10 h after inoculation of NEDF medium with 2 x 105 to 6 x 106 CFU ml-' and a generation time of approximately 60 min. However, she reported that a twofold reduction in the CFU was observed within the first 2 h of incubation in air. In our hands, growth in WSJM in air did not lead to a reduction in CFU. La Scolea and Young (14) reported that some strains had a 2-to 3-h lag period in their defined medium (GGM) before reaching optical densities of 175 to 320 Klett units. They also reported generation times of 72 to 115 min. Thus, it appears that WSJM was comparable to NEDF and GGM for the growth of gonococcal isolates.
In an effort to improve the performance of WSJM, several interesting observations were made. First, addition of NaHCO3 to a final concentration of 6 mM did not significantly enhance growth of N164 (Fig. 5) . Generation times of 80 min in the presence of NaHCO3 and 71 min in control flasks were observed. The yields at stationary phase in both cases were comparable. Jones and Talley observed that 70% of 34 gonococcal strains required 2.5% C02, 0.1% NaHCO3, or both to grow on agar plates. The efficiency of plating was increased 1,000-fold in some strains by CO2 or NaHCO3 (10) . It appeared that there was sufficient CO2 in the nephelometer to allow growth of the strains tested. However, a larger number of strains has to be used to substantiate this speculation. Second, a twofold increase in the NaCl concentration produced a 3-to 4-h lag period and a generation time of 86 mnin. It seemed that 86 mM NaCl was sufficient to provide the appropriate osmolarity for growth. Third, sucrose enhanced the growth of 6555-T4, a disseminated isolate, in WSJM. Generation times were decreased from approximately 150 min to 94 min with an increase in the sucrose concentration from 0 to 10%. On the other hand, sucrose decreased the growth of F62 (Fig. 3) Proteins of the gonococcus can be intrinsically labeled in WSJM (Fig. 2) . In our study, labeled amino acids were usually incorporated unaltered into the peptides of auxotrophs. However, on occasion, small amount of labels added as ['4C]proline and [3H]arginine were found in the aspartate, glutamate, and lysine fractions (Fig.  2) . The appearance of the proline label in aspartic acid and glutamic acid could be explained by the possible presence of a proline oxidase which would convert proline to L-Al-pyrroline-5-carboxylate. This compound could then be converted to glutamate by dehydrogenase and transaminase reactions. The glutamate could be converted to aspartate by a transaminase reaction. The conversion of arginine to lysine is difficult to explain.
Liquid WSJM can be used for the growth of large quantities of cells. In scale-up experiments, yields of 5.0 to 10.0 g, wet weight, of cells per liter were obtained. These yields were similar to those obtained in an undefined complex medium.
In summary, we have described a simple defined medium that can be used either as a solid or liquid medium for the determination of gonococcal nutritional profiles. Growth and yields are comparable to those of the more complex defined medium of Carifo and Catlin (1), La Scolea and Young (14) , and Wood and Browneil (18) . The complete medium is stable for at least 6 months when stored at 5°C. Furthermore, the complete liquid medium is stable upon lyophilization and reconstitution. Lastly, the medium is simple and reproducible to facilitate its use in automated systems, which would be necessary for wide-scale use of auxotyping as an epidemiological tool.
